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Introduction {#sec001}
============

In recent years, there has been a substantial focus on readmission after hospitalization as an indicator of quality of care \[[@pone.0227588.ref001]\]. Readmission rates may reflect baseline morbidity, the development of new conditions or progression of chronic conditions, access to hospital care, inpatient mortality rates, and post-discharge mortality rates \[[@pone.0227588.ref002]--[@pone.0227588.ref005]\]. More commonly, however, an elevated rate of readmission is assessed as an indicator of deficiencies in quality of hospital care such as incomplete treatment, medical error, and inadequate discharge planning \[[@pone.0227588.ref002], [@pone.0227588.ref006], [@pone.0227588.ref007]\].

People who experience imprisonment face a greater burden of illness on average compared to the rest of the general population, with a higher prevalence of infectious diseases, chronic diseases, and mental health and substance use disorders \[[@pone.0227588.ref008]\]. The period after release from prison is associated with particularly high morbidity and mortality, with several studies showing increased rates of medical-surgical hospitalization compared to the general population \[[@pone.0227588.ref009]--[@pone.0227588.ref018]\]. Health care access and quality may be suboptimal for this population while in prison and after prison release \[[@pone.0227588.ref013], [@pone.0227588.ref019]\], with substantial impacts on individual and population health \[[@pone.0227588.ref020]\].

In this context, the rate of medical-surgical hospital readmission among people who experience imprisonment in comparison with the rest of a population is an important indicator of the quality of hospital care. We aimed to compare 30-day readmission rates after medical-surgical hospital admission between people in prison, people recently released from prison, and matched people in the general population in Ontario, Canada.

Methods {#sec002}
=======

Study design {#sec003}
------------

Population-based retrospective cohort study.

Setting {#sec004}
-------

We conducted this study in the province of Ontario, Canada.

Provincial correctional facilities in Canada house people who are admitted to prison without sentencing or who are sentenced to less than two years in prison, as well as people sentenced to two years or longer prior to being transferred to a federal prison and those in temporary detention for other reasons \[[@pone.0227588.ref021]\]. In Ontario, provincial prisons are publicly funded and administered. We use the term "provincial prison" to represent all provincial correctional facilities, including jails, detention centres, and correctional centres. For Ontario residents, hospitalizations and medically necessary physician services including primary care and emergency department visits are paid for through the public health insurance system, the Ontario Health Insurance Plan, including while in provincial prison.

Exposure group {#sec005}
--------------

We accessed data from the Ontario Ministry of Community Safety and Correctional Services on all adults who were released from provincial prison in 2010. As described elsewhere \[[@pone.0227588.ref013]\], these data were linked using unique encoded identifiers with health administrative data at ICES, an independent, non-profit organization funded by the Ontario Ministry of Health and Long-Term Care, which houses health administrative data for Ontario residents.

We included all people in the prison group who were hospitalized for a medical or surgical reason during their time in provincial prison or in the 6 months after prison release, were alive on hospital discharge, and were Ontario Health Insurance Plan-eligible for 30 days post-discharge. We selected a 6-month follow-up period after release given our focus on opportunities to improve care in prison and at the time of release and evidence regarding discrimination at the time of prison release \[[@pone.0227588.ref019], [@pone.0227588.ref022]\]. As health status and health care quality and access may vary substantially in prison and after release, we stratified people who had experienced imprisonment by whether they were discharged from hospital to prison or to the community into groups called *people in prison* and *people recently released from prison*.

We identified hospitalizations in the Canadian Institute for Health Information Discharge Abstracts Database. We included only medical-surgical hospitalizations that were not related to pregnancy or psychiatric causes, as we hypothesized that the mechanisms underlying readmission to hospital for pregnancy and psychiatric reasons may differ. For the same reason, we excluded people who were readmitted for psychiatric or pregnancy reasons. For people in the prison groups who had more than one hospitalization during the follow-up period, we randomly selected one hospitalization as the index hospitalization in order to define the average risk of the outcome of readmission for any single hospitalization, rather than selecting the first or last hospitalization during the follow-up period.

We identified matched people in the general population from Ontario Health Insurance Plan-eligible people in the Registered Persons Database, which is a comprehensive registry of all people with current or prior Ontario Health Insurance Plan coverage \[[@pone.0227588.ref023]\]. We exactly matched each person in each of the two prison groups with one person in the general population based on sex, birth year, the year of discharge, and the case mix group for the index hospitalization, which indicates a person with similar clinical and heath resource use characteristics \[[@pone.0227588.ref024]\]. Therefore, we defined four exposure groups: people in prison, people in the general population matched to people in prison, people recently released from prison, and people in the general population matched to people recently released from prison.

Covariates {#sec006}
----------

We selected indicators of patient socioeconomic status and morbidity, and inpatient and outpatient care, given the role of these factors in readmission and based on available data \[[@pone.0227588.ref005]\]. We examined age (median and interquartile range, IQR) and sex from the Registered Persons Database, and self-reported race from Ministry of Community Safety and Correctional Services data for those in the prison groups only, as data on race were not available for the general population. We accessed neighbourhood-level data on income quintile using the postal code from Registered Persons Database data at the time of prison release or at the time of hospital admission for people in the general population. We used the Johns Hopkins Adjusted Clinical Group System \[[@pone.0227588.ref025]\] with a two year look back to determine the number of Aggregated Diagnosis Groups (ADGs), which represent 32 diagnosis clusters that indicate the burden of morbidity \[[@pone.0227588.ref026]\]; we calculated a summary score as the total number of clusters per person. We applied definitions from the Ontario Mental Health and Addictions Scorecard and Evaluation Framework to identify people with a diagnosis (yes/no) of mood disorders, schizophrenia, anxiety disorders, and substance-related disorders, based on billings in the past two years in the Ontario Health Insurance Plan database, Discharge Abstracts Database, or the Canadian Institute for Health Information National Ambulatory Care Reporting System \[[@pone.0227588.ref027]\].

We accessed data on length of stay in hospital in days and whether the patient left hospital against medical advice during the index hospitalization (yes/no) from the Discharge Abstracts Database. To examine access to care after hospital discharge, we accessed Ontario Health Insurance Plan data on primary care use (yes/no) and National Ambulatory Care Reporting System data on emergency department use (yes/no) in the 7 days after discharge, which could indicate appropriate post-discharge care or seeking care for unmet care needs, and in the 30 days after discharge.

Outcome {#sec007}
-------

*A priori*, we defined the primary outcome of interest as 30-day medical-surgical readmission to hospital. We selected the follow up period of 30 days given recent scientific and policy focus on this outcome, including as an indicator of quality of hospital care \[[@pone.0227588.ref001], [@pone.0227588.ref002], [@pone.0227588.ref005]\]. We identified readmissions in Discharge Abstracts Database data.

Sample size {#sec008}
-----------

In exploratory analyses as part of a larger project on health care utilization of people released from provincial prison in 2010 \[[@pone.0227588.ref013]\], we identified 466 medical-surgical hospitalizations in women and 1,722 in men from 2005 to 2015 in prison or in the 6 months after release. Due to repeat hospitalizations and hospitalizations for pregnancy-related causes, we expected there would be fewer total people with medical-surgical hospitalizations not related to pregnancy. Based on a study of another marginalized population in Ontario: people who were homeless \[[@pone.0227588.ref028]\], we expected that readmission rates would be as high as 22% for the prison group and 17% for the general population. Under those assumptions, we would have greater than 80% power to define readmission frequency for the prison group with a precision of 3% and 95% confidence with 733 people, and greater than 80% power to detect a difference in frequency of up to 5% with a two-sided alpha of 0.05 with 985 people in each exposure group.

Analyses {#sec009}
--------

We compared people in prison and people recently released from prison, respectively, with general population controls across indicators of health status, socioeconomic status, inpatient care, and post-discharge care, using standardized differences, which are less sensitive to sample size than traditional hypothesis tests; we considered a difference of 10% meaningful \[[@pone.0227588.ref029]\]. We calculated the number and percent of deaths, admissions for pregnancy, and admissions for psychiatric reasons in the 30 days post-release in exposure groups, as these outcomes may compete with medical-surgical readmission.

We used the Kaplan-Meier method to calculate the frequency of readmission at 30 days after hospital discharge for each exposure group. We censored follow up at the earliest of death, readmission for psychiatric reasons, readmission for pregnancy reasons, or 30 days after hospital discharge \[[@pone.0227588.ref030]\]. We compared the risk of readmission at 30 days for people in prison and people recently released from prison, respectively, with people in the general population using stratified log-rank tests.

We assessed whether the proportional hazards assumption was met, and then used Cox survival analysis to assess the unadjusted association between imprisonment status and readmission. In adjusted models, we controlled for indicators of baseline health and socio-economic status (neighbourhood income quintile, ADGs), hospitalization (leaving against medical advice, length of stay), and post-discharge care (primary care and emergency department visits) to examine the residual effect of imprisonment status on readmission for people in prison and people recently released from prison, respectively, compared to the general population group.

We used SAS Enterprise Guide version 7.1 for matching and for all analyses.

Ethics review {#sec010}
-------------

This study was reviewed and approved by the Hamilton Integrated Research Ethics Board (\#4422). We accessed nominal data only for the purposes of data linkage. We did not obtain informed consent from participants, since the study met criteria for a waiver of consent as per the Canadian Tri-Council Policy Statement on Ethical Conduct for Research Involving Humans \[[@pone.0227588.ref031]\], which was approved by the Research Ethics Board.

Results {#sec011}
=======

We identified 1,670 people who had 1 or more medical-surgical hospitalizations while in prison or in the 6 months after prison release. We excluded 11 people who were not eligible for Ontario Health Insurance Plan coverage for 30 days post-discharge, leaving 1,659 people. We identified matches in the general population for 1,548 people: 262 of whom were discharged from hospital to prison, whom we called *people in prison*, and 1,286 of whom were discharged from hospital to the community, whom we called *people recently released from prison*.

People in prison and people recently released from prison were more likely than people in the general population to live in a neighbourhood in the lowest income quintile, and had greater morbidity at the time of the index hospitalization, as indicated by the median number of ADGs and certain mental disorder diagnoses ([Table 1](#pone.0227588.t001){ref-type="table"}). For people recently released from prison, a higher proportion left against medical advice in the index hospitalization compared with matched people in the general population. People in prison had a longer median length of stay in the index hospitalization compared with matched people in the general population. In the 7 and 30 days after hospital discharge and compared with matched people in the general population, people in prison were more likely to access primary care and people recently released from prison were more likely to access emergency department care, respectively.

10.1371/journal.pone.0227588.t001

###### Characteristics of study participants at the time of admission for medical-surgical hospitalization between 2005 and 2015 in Ontario, Canada, by imprisonment status on hospital discharge[\*](#t001fn001){ref-type="table-fn"}[†](#t001fn002){ref-type="table-fn"}.

![](pone.0227588.t001){#pone.0227588.t001g}

                                                           People in prison, N = 262                     General population matched to people in prison, N = 262   Standardized difference                People recently released from prison, N = 1,286   General population matched to people recently released from prison, N = 1,286   Standardized difference                 
  -------------------------------------------------------- --------------------------------------------- --------------------------------------------------------- -------------------------------------- ------------------------------------------------- ------------------------------------------------------------------------------- ------------------------- ------------- ------
  Socio-demographic status                                 Age- median (IQR) years                       40 (29--47)                                               39 (28--47)                            0.00                                              39 (28--48)                                                                     40 (28--48)               0.00          
  Sex                                                      Male                                          246 (93.9%)                                               246 (93.9%)                            0.00                                              1,069 (83.1%)                                                                   1,069 (83.1%)             0.00          
  Self-reported race[§](#t001fn004){ref-type="table-fn"}   Aboriginal                                    42 (16.0%)                                                \-                                     \-                                                185 (14.4%)                                                                     \-                        \-            
  Black                                                    28 (10.7%)                                    \-                                                        \-                                     80 (6.2%)                                         \-                                                                              \-                                      
  White                                                    162 (61.8%)                                   \-                                                        \-                                     832 (64.7%)                                       \-                                                                              \-                                      
  Other                                                    17 (6.5%)                                     \-                                                        \-                                     104 (8.1%)                                        \-                                                                              \-                                      
  Missing                                                  13 (5.0%)                                     \-                                                        \-                                     85 (6.6%)                                         \-                                                                              \-                                      
  Neighbourhood income quintile                            1^st^ (lowest)                                88 (33.6%)                                                64 (24.4%)                             0.20                                              518 (40.3%)                                                                     293 (22.8%)               0.38          
  2^nd^                                                    49 (18.7%)                                    52 (19.8%)                                                0.03                                   243 (18.9%)                                       277 (21.5%)                                                                     0.07                                    
  3^rd^                                                    64 (24.4%)                                    56 (21.4%)                                                0.07                                   218 (17.0%)                                       251 (19.5%)                                                                     0.07                                    
  4^th^                                                    29 (11.1%)                                    43 (16.4%)                                                0.16                                   151 (11.7%)                                       247 (19.2%)                                                                     0.21                                    
  5^th^ (highest)                                          29 (11.1%)                                    45 (17.2%)                                                0.18                                   129 (10.0%)                                       207 (16.1%)                                                                     0.18                                    
  Morbidity                                                ADGs[\|\|](#t001fn005){ref-type="table-fn"}   Median (IQR)                                              8 (6--11)                              6 (4--10)                                         0.44                                                                            9 (6--12)                 7 (5--10)     0.36
  Mental illness                                           Mood disorders                                27 (10.3%)                                                14 (5.3%)                              0.19                                              225 (17.5%)                                                                     109 (8.5%)                0.27          
  Schizophrenia                                            12 (4.6%)                                     [‡](#t001fn003){ref-type="table-fn"}                      0.15                                   95 (7.4%)                                         32 (2.5%)                                                                       0.23                                    
  Anxiety disorders                                        25 (9.5%)                                     17 (6.5%)                                                 0.11                                   220 (17.1%)                                       93 (7.2%)                                                                       0.31                                    
  Substance-related disorders                              85 (32.4%)                                    49 (18.7%)                                                0.32                                   556 (43.2%)                                       220 (17.1%)                                                                     0.59                                    
  Index hospital admission                                 Left against medical advice                   7 (2.7%)                                                  9 (3.4%)                               0.04                                              122 (9.5%)                                                                      49 (3.8%)                 0.23          
  Length of stay                                           Median (IQR) days                             3 (1--6)                                                  3 (1--5)                               0.19                                              3 (1--6)                                                                        3 (1--5)                  0.07          
  \<2 days                                                 68 (26.0%)                                    85 (32.4%)                                                0.14                                   391 (30.4%)                                       408 (31.7%)                                                                     0.03                                    
  2--4 days                                                97 (37.0%)                                    100 (38.2%)                                               0.02                                   471 (36.6%)                                       491 (38.2%)                                                                     0.03                                    
  5--9 days                                                64 (24.4%)                                    54 (20.6%)                                                0.09                                   231 (18.0%)                                       250 (19.4%)                                                                     0.04                                    
  ≥10 days                                                 33 (12.6%)                                    23 (8.8%)                                                 0.12                                   193 (15.0%)                                       137 (10.7%)                                                                     0.13                                    
  Post-discharge care                                      Primary care                                  7 days                                                    181 (69.1%)                            64 (24.4%)                                        1.00                                                                            329 (25.6%)               348 (27.1%)   0.03
  30 days                                                  224 (85.5%)                                   125 (47.7%)                                               0.87                                   637 (49.5%)                                       677 (52.6%)                                                                     0.06                                    
  Emergency department care                                7 days                                        37 (13.1%)                                                29 (11.1%)                             0.09                                              223 (17.3%)                                                                     151 (11.7%)               0.16          
  30 days                                                  71 (27.1%)                                    68 (26.0%)                                                0.03                                   444 (34.5%)                                       304 (23.6%)                                                                     0.24                                    
  Competing outcomes                                       Death                                         30 days                                                   [‡](#t001fn003){ref-type="table-fn"}   [‡](#t001fn003){ref-type="table-fn"}              0.09                                                                            10 (0.8%)                 12 (0.9%)     0.02
  Psychiatric admission                                    30 days                                       [‡](#t001fn003){ref-type="table-fn"}                      [‡](#t001fn003){ref-type="table-fn"}   0.12                                              29 (2.3%)                                                                       23 (1.8%)                 0.03          
  Pregnancy admission                                      30 days                                       0 (0%)                                                    0 (0%)                                 0.00                                              0 (0%)                                                                          0 (0%)                    0.00          

\*People in prison were discharged from hospital while in provincial prison. People recently released from prison were discharged from hospital to the community within 6 months of release from provincial prison. The general population group was people who were matched by age, sex, case mix group, and discharge year to people in prison and people recently released from prison.

^†^n (%) unless otherwise indicated.

^‡^For cells with n ≤5, we suppressed the number as per ICES policy. Schizophrenia and psychiatric readmission were each significantly more common in people in prison compared with matched people in the general population.

^§^Data on race were not available for general population controls.

^\|\|^ADGs = Aggregated Diagnosis Groups from the Johns Hopkins Adjusted Clinical Group System.

Common case mix groups for the index hospitalization were related to substance use, injury, seizures, diabetes, and infection ([S1 Table](#pone.0227588.s001){ref-type="supplementary-material"}).

Compared with matched people in the general population, readmission rates at 30 days were not significantly different for people in prison, but were significantly lower for people recently released from prison ([Table 2](#pone.0227588.t002){ref-type="table"} and [Fig 1](#pone.0227588.g001){ref-type="fig"}).

10.1371/journal.pone.0227588.t002

###### Readmission by 30 days after medical-surgical hospitalization for people in prison and people recently released from prison,[\*](#t002fn001){ref-type="table-fn"} and age-, sex-, and case mix group-matched people in the general population, from Kaplan-Meier analyses[^†^](#t002fn002){ref-type="table-fn"}.

![](pone.0227588.t002){#pone.0227588.t002g}

  Exposure group                                                                  \% (95% CI)        p value[^‡^](#t002fn003){ref-type="table-fn"}
  ------------------------------------------------------------------------------- ------------------ -----------------------------------------------
  People in prison, N = 262                                                       7.7 (4.4, 10.9)    0.46
  General population matched to people in prison, N = 262                         10.8 (7.0, 14.5)   
  People recently released from prison, N = 1,286                                 6.9 (5.5, 8.3)     0.04
  General population matched to people recently released from prison, N = 1,286   8.8 (7.2, 10.3)    

\*People released from provincial prison in Ontario in 2010 who were admitted to hospital between 2005 and 2015 while in provincial prison or within 6 months of release from provincial prison.

^†^Follow up period was censored for death, or hospital admission for psychiatric or pregnancy reasons.

^‡^From stratified log-rank test.

![Kaplan-Meier curves\* for readmission by 30 days after medical-surgical hospitalization for people in prison, people recently released from prison,† and age-, sex-, and case mix group-matched people in the general population in Ontario, Canada.\
\*Follow up was censored for death, or hospital admission for psychiatric or pregnancy reasons. †People released from provincial prison in Ontario in 2010 who were admitted to hospital between 2005 and 2015 while in provincial prison or within 6 months of release from provincial prison.](pone.0227588.g001){#pone.0227588.g001}

In both adjusted and unadjusted models, there was no significant difference in the hazard of readmission between people in prison and matched people in the general population ([Table 3](#pone.0227588.t003){ref-type="table"}). Comparing people recently released from prison with matched people in the general population, there was no significant difference in unadjusted analyses, but the hazard of readmission was significantly lower for people recently released from prison after adjusting for baseline health and social status, hospitalization characteristics, and post-discharge medical care.

10.1371/journal.pone.0227588.t003

###### Hazard ratios from Cox proportional hazards models for readmission by 30 days after medical-surgical hospitalization for people in prison and people recently released from prison[\*](#t003fn001){ref-type="table-fn"} compared with age-, sex-, case mix group-matched people in the general population in Ontario, Canada.
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  Variables adjusted for in model                People in prison, N = 262           People recently released from prison, N = 1,286   
  ---------------------------------------------- ----------------------------------- ------------------------------------------------- -------------------
  None                                           0.72 (0.41--1.27)                   0.78 (0.60--1.02)                                 
  Socio-economic status and morbidity            A\) Neighbourhood income quintile   0.72 (0.40--1.29)                                 0.78 (0.60--1.03)
  B\) ADGs[†](#t003fn002){ref-type="table-fn"}   0.60 (0.34--1.07)                   0.65 (0.49--0.85)                                 
  A and B                                        0.62 (0.35--1.12)                   0.65 (0.59--0.86)                                 
  Index hospital admission                       C\) Left against medical advice     0.73 (0.42--1.28)                                 0.73 (0.56--0.95)
  D\) Length of stay                             0.69 (0.39--1.20)                   0.76 (0.58--0.99)                                 
  C and D                                        0.68 (0.39--1.19)                   0.71 (0.54--0.93)                                 
  Medical care post-hospital discharge           E\) Primary care                    0.74 (0.40--1.38)                                 0.78 (0.60--1.02)
  F\) Emergency department care                  0.71 (0.40--1.26)                   0.54 (0.41--0.70)                                 
  E and F                                        0.69 (0.38--1.25)                   0.54 (0.42--0.71)                                 
  All (A, B, C, D, E, and F)                     0.74 (0.40--1.37)                   0.48 (0.36--0.63)                                 

\*People released from provincial prison in Ontario in 2010 who were admitted to hospital between 2005 and 2015 while in provincial prison or within 6 months of release from provincial prison.

^†^ADGs = Aggregated Diagnosis Groups from the Johns Hopkins Adjusted Clinical Group System.

Discussion {#sec012}
==========

This study shows that compared to matched people in the general population, people recently released from prison were 22% less likely to be readmitted to hospital---an absolute decrease of 1.9%. This association persisted after controlling for socio-economic status, morbidity, hospitalization characteristics, and follow up care, with an adjusted hazard ratio of 0.48 for readmission. People in prison were 28% less likely to be readmitted to hospital than matched people in the general population- an absolute decrease of 3.1%- however, this difference was not statistically significant, including after adjustment for covariates in multivariable models.

This study has several strengths. We used population-based data for a large sample of people with current or recent imprisonment, and we matched on variables that would be strongly associated with readmission and that we did not want to explore. No prior study has examined readmission to hospital or important characteristics of hospitalization such as leaving hospital against medical advice for this population.

Potential study limitations are that we included only one hospitalization per person during the period of follow up because of methodological challenges in identifying controls that were matched on the basis of case mix group for each hospitalization. Depending on the patient's prior experience, any single hospitalization may in fact represent a readmission as opposed to an initial hospitalization. Since hospitalization occurs more frequently in people who experience imprisonment \[[@pone.0227588.ref013]\], readmissions may be overrepresented in people in prison and people recently released from prison compared to the general population group. The random selection of a single hospitalization allowed us, however, to define the average risk of the outcome of readmission for each hospitalization. As people who were in prison at the time of hospital discharge may have been released from prison over the 30 day follow up period and people who were recently released at the time of discharge may have been readmitted to prison during the 30 day follow up period, some people may have spent time in prison and in the community over the 30 day follow up period after hospital discharge. This may have contributed to exposure misclassification bias. Since we matched on case mix group, the general population groups were likely enriched for people who were more similar in terms of medical illnesses and risk behaviours compared to a general population group matched only on socio-demographic factors, for example, people with substance use disorders. In this way, to the extent that these factors impact readmission, we would expect less difference in outcomes between groups than if we had not matched based on case mix group. As there were only 262 people in the group of people in prison, analyses involving this group may not have had adequate power, so these results should be considered exploratory. Finally, given our use of administrative data rather than data collected data from patients, providers or charts, we were not able to define the reasons for readmission, *i*.*e*. to what extent readmission reflects inadequate care during the initial hospitalization, initial follow up on discharge from hospital, or patient-specific factors such as morbidity or behaviours.

The findings of our study largely agree with previous evidence regarding increased morbidity in this population \[[@pone.0227588.ref008], [@pone.0227588.ref032]\]. While studies on other marginalized populations with increased morbidity and barriers to care access such as people who are homeless and people with developmental disabilities have identified higher rates of readmission to hospital \[[@pone.0227588.ref028], [@pone.0227588.ref033]\], we found no difference between rates of readmission for people in prison and we found decreased rates of readmission for people recently released from prison compared to the general population.

While the absolute difference in readmission rates between people recently released from prison and matched people in the general population was small, at 1.9%, we found the lower rate surprising; we had expected the readmission rate to be higher for people recently released from prison given evidence regarding their relatively high morbidity \[[@pone.0227588.ref008], [@pone.0227588.ref032]\]. There are several potential explanations for the lower readmission rate in people recently released from prison compared with matched people in the general population. This population may be receiving better care in hospital and after hospital discharge. We found a similar length of stay in hospital (median of 3 days (IQR 1--6) vs. 3 days (IQR 1--5)) and a higher proportion of people who left against medical advice (9.5% vs. 3.8%); these data do not support the hypothesis of better inpatient care. People recently released from prison did not have higher rates of follow up with primary care in the week after hospital discharge (25.6% vs. 27.1%), and in fact, primary care use in people recently released from prison may be more likely to reflect use of specific services such as addictions clinics rather than generalist care, given the relatively high proportion of people in this group with substance-related disorders. Regarding morbidity and socio-economic status, those recently released from prison had a higher number of ADGs and a higher proportion of people in the lowest neighbourhood income quintile, and these factors are usually associated with increased readmission risk \[[@pone.0227588.ref005]\]. Competing outcomes such as death or hospital admission for psychiatric or pregnancy reasons were relatively uncommon, and would not explain the difference between groups. It is possible that people recently released from prison were able to get their needs met through primary care and ED encounters without needing admission, and ED visits after hospital discharge were more common in people who were recently released compared with matched people in the general population. Even after controlling for all these factors in multivariable models, however, the readmission risk remained significantly lower for people recently released from prison, though this may be due to not having adequately controlled for these variables or to additional factors related to imprisonment status.

Given increased emergency department visits, it is also possible that people recently released from prison had clinical indications for readmission, but either were not offered readmission or were offered but did not accept the offer of readmission. This is concerning, as it could indicate discrimination on the basis of legal status \[[@pone.0227588.ref019], [@pone.0227588.ref034]--[@pone.0227588.ref036]\] or on the basis of characteristics that are overrepresented in this population such as low socioeconomic status or mental illness. If people were choosing to not follow medical advice when they are acutely ill, this would also be problematic; deciding to not be admitted to hospital could reflect competing priorities such as the need to use substances, considering the high prevalence of substance use disorders and admissions for substance-use related conditions \[[@pone.0227588.ref014]--[@pone.0227588.ref018], [@pone.0227588.ref037], [@pone.0227588.ref038]\].

For people in prison, factors affecting readmission differ compared with both the general population and people recently released from prison. We found that people in prison had similar multimorbidity but a lower prevalence of mental illness compared with people recently released from prison, and greater multimorbidity and mental illness prevalence compared with the general population. Length of the index hospitalization was similar across groups, and the proportion that left against medical advice was similar between people in prison and the general population. In prison, policies and procedures affect health care access, for example the high proportion of people who accessed primary care (69.1% at 7 days post-discharge compared to 24.4% for people in the general population) likely reflects the policy of routine physician follow up in prison after hospital discharge, and health care providers and correctional officers in prison act as gatekeepers to people leaving prison to access the emergency department. Also, correctional officers accompany people in prison when they access care in the emergency department, which may affect health care provider and patient decisions regarding admission.

Further research is required to elucidate the experiences of people in prison and after prison release with hospitalization, and in particular to understand why rates of readmission are lower for people recently released from prison. Attention should be paid to barriers to hospital access on the provider or patient side, as well as to defining ways to optimize primary care and emergency department care to better meets the needs of this population. The events around visits to the emergency department, and the decision to admit or not to admit, might provide particular insights.
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Dear Dr. Kouyoumdjian,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Oct 27 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In ethics statement in the manuscript and in the online submission form, please provide additional information about the patient records used in your retrospective study. Specifically, please ensure that you have discussed whether all data were fully anonymized before you accessed them and/or whether the IRB or ethics committee waived the requirement for informed consent. If patients provided informed written consent to have data from their medical records used in research, please include this information.

3\. Please correct your reference to \"p=0.000\" to \"p\<0.001\" or as similarly appropriate, as p values cannot equal zero.

4\. We noticed you have some minor occurrence of overlapping text with the following previous publication(s), which needs to be addressed:

\- Kouyoumdjian, Fiona G., et al. \"The health care utilization of people in prison and after prison release: A population-based cohort study in Ontario, Canada.\" PloS one 13.8 (2018): e0201592.

Khanna, Sumeet, et al. \"Health care utilization by people with HIV on release from provincial prison in Ontario, Canada in 2010: a retrospective cohort study.\" AIDS care 31.7 (2019): 785-792.

 The text that needs to be addressed involves the first paragraph of the Introduction.

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

5\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

6\. Thank you for stating the following in the Acknowledgments Section of your manuscript:

\"This study was supported by ICES, which is funded by an annual grant from the Ontario Ministry of Health and Long-Term Care. The opinions, results and conclusions reported in this paper are those of the authors and are independent from the funding sources. We  acknowledge the Ontario Ministry of Community Safety and Correctional Services, which provided data for the study. No endorsement by ICES, the Ontario Ministry of Health and Long-Term Care, or the Ministry of Community Safety and Correctional Services is intended or should

be inferred. Parts of this material are based on data and/or information compiled and provided by

CIHI. However, the analyses, conclusions, opinions and statements expressed in the material are

those of the authors, and not necessarily those of CIHI.

We note that you have provided funding information that is not currently declared in your Funding Statement. However, funding information should not appear in the Acknowledgments section or other areas of your manuscript. We will only publish funding information present in the Funding Statement section of the online submission form.

Please remove any funding-related text from the manuscript and let us know how you would like to update your Funding Statement. Currently, your Funding Statement reads as follows:

\"FK received funding from Physicians\' Services Incorporated Foundation (15-22).\"

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This manuscript investigates the readmission and return to acute care after hospitalization among persons who experienced incarcerations and persons from the general population. This is an important research question, as the released prisoners constitute an underserved population and because their health care use is not well understood. The manuscript relies on a large sample size with a sound methodology. However, there are some limitations that should be addressed.

Whole paper

1\. The literature more commonly uses "emergency department visits" rather than "return to acute care".

Abstract

2\. I found the abstract very confusing at first read. I am afraid it is not readable as a stand-alone piece. It should be written more clearly. The results section is very long and the conclusions are almost absent. I did not understand the Methods at first read.

Introduction

3\. The introduction is very short. There are some studies addressing health care (and use of emergency department) among (released) prisoners. This literature should be presented as well.

As it is not possible to understand the reasons of readmission or return to acute care, I suggest to avoid mentioning it at the first place in the Introduction.

Methods

4\. The most important shortcoming is the presence of the incarcerated prisoners and the potential lack of power. The non-significant findings are not interpretable and there are important issues (prisoners possibly released). I suggest to remove this group from the sample and to focus on released prisoners and general population.

5\. What about released prisoners who are reincarcerated within 6 months?

6\. Using a random hospitalization appears as a limitation of the study design. The rationale for this choice instead of using the first hospitalization should be given.

7\. Please add detailed information on variables assessed in the study.

8\. Please also give a rationale for using a 30-day readmission or return to acute care cut-off.

Results

9\. The 7-day outcome is mentioned for the first time p. 9 in the Results section. It should be included in the study's objective with its rationale and in the Methods section.

10\. An important missed variable is the reason for hospitalization. It should be controlled for to achieve a better understanding of the results.

Discussion

11\. Released prisoners are more likely to visit emergency departments in comparison with the general population. This may be because they have no GP, no information on their own health insurance, or no money to pay extra fees. It does not mean that they have worse outcomes after hospitalization. This should be discussed in the paper. Information on health care fees in the Canadian health care system should also be included.

Reviewer \#2: This study is interesting for several reasons:

\- large samples of people

\- lack of data on care and hospitalizations for people in prison and after release

\- comparison with the general population

However, for the method, why the 3 groups do not have the same number of people, since the objective was to compare them.

For the results, it is a little difficult to understand why there is such a difference between readmission and return to acute care. Information on the reasons for using non-hospitalized emergencies would deserve to be developed. Interpretation is possibly very much related to the functioning of the health care system in Ontario.

Minor comments:

Introduction

\- Line 62: abreviation "emergency department (ED)" already indicated line 46

Methods

\- Line 84: define ICES

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Kouyoumdjian,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jan 03 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors addressed most of my comments and the current version is improved. I still have some comments, listed below (page numbers refer to the manuscript with track change).

p\. 8 lines 131-138: Please explain how you matched groups (e.g., software).

Table 1: There is a mistake with the sample size of the matched group for released prisoners (n=1,286 and not n=1,548).

p\. 8 line 134: Please define what is case-mix group of the index hospitalization.

Information is still needed on the variables: ADG and Ontario Mental Health and Addictions Scorecard and Evaluation Framework: are those variable summary scores? Continuous? What range? Etc. Please explain more clearly that primary care and ED use are variables (and how they were assessed).

Please avoid using too many abbreviations, the manuscript is quite hard to follow (see for example sentence p.9 line 156-160: 5 abbreviations).

Discussion: Please also discuss the effect size of the decrease in hospital readmission for prisoners recently released from prison. Maybe it is not clinically relevant.

Reviewer \#2: You have decided to cut content regarding the 7-day period, since your focus

is on 30-day readmission rates and your regression analyses are focused on the 30-day period, and in

consideration of sample size issues. You must cut the 7-day data in Table 1 in post discharge section (primary care and emergency department care) and line 401.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Kouyoumdjian,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Lars-Peter Kamolz, M.D., Ph.D., M.Sc.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Dear Dr. Kouyoumdjian:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Lars-Peter Kamolz

Academic Editor

PLOS ONE
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